We analyzed the corpus of three geoscientific journals to investigate if there are enough locational references in research articles to apply a geographical search method, such as the example of New Zealand. Based on all available abstracts and all freely available papers of the "New Zealand Journal of Geology and Geophysics", the "New Zealand Journal of Marine and Freshwater Research", and the "Journal of Hydrology, New Zealand", we searched title, abstracts, and full texts for place name occurrences that match records from the official Land Information New Zealand (LINZ) gazetteer. We generated ISO standard compliant metadata records for each article including the spatial references and made them available in a public catalogue service. This catalogue can be queried for articles based on authors, titles, keywords, topics, and spatial reference. We visualize the results in a map to show which area the research articles are about, and how much and how densely geographic space is described through these geoscientific research articles by mapping mentioned place names by their geographic locations. We outlined the methodology and technical framework for the geo-referencing of the journal articles and the platform design for this knowledge inventory. The results indicate that the use of well-crafted abstracts for journal articles with carefully chosen place names of relevance for the article provides a guideline for geographically referencing unstructured information like journal articles and reports in order to make such resources discoverable through geographical queries. Lastly, this approach can actively support integrated holistic assessment of water resources and support decision making.
Introduction
Resource management decisions are based on knowledge and insights gained from environmental information and data. Natural resources typically occupy space, for example, water bodies or geological formations. In contrast, data collection, samples and specimen observations are taken at distinct locations, i.e., places, in order to represent a larger space. However, such information and data are often scattered between different institutions and is not stored or made accessible based on national or international standards. Thus, usability of available information is hampered [1] . The larger the number of data sets and the less structured the data sets are, the worse the situation will become [2] . Since we are not only looking at single data users but also considering multi-vendor architectures and multi-user required [24] . A thesaurus is a reference work where words are grouped according to their multilingual similarity of meaning. Thus, a thesaurus is a collection of concepts-terms of reference in a particular community or domain with, collated, and described with their attributes and properties and inherent relationships. It provides a uniform and consistent vocabulary for indexing metadata [25] . A gazetteer is a dictionary or directory referencing place names with their geographical locations, and thus, links natural language via place names to geographic locations. Web services implementations provide access to these type of thesauri and gazetteers via World Wide Web Consortium (W3C) standardized Hyper Text Transfer Protocol (HTTP) protocols like the OGC Web Feature Service (WFS) or the W3C recommended SPARQL Query Language for the Resource Description Framework (RDF) [26] [27] [28] . Although Dublin Core offers so called 'coverage' types that may hold values or terms from controlled vocabulary such as the Thesaurus of Geographic Names (TGN) or geographic coordinates, ISO 19115 metadata supports more extensive geographical referencing through bounding boxes, feature shape geometry, and place names with reference to controlled lists.
Environmental studies are often spatial and related to certain locations or regions of interest (ROI). The aim of the current paper is to explore how research articles and reports can be made more discoverable for further research or decision-making processes if the search criteria also includes location instead of keywords only. This also increases the understanding of how densely or how well geographic space is described through research articles by mapping the mentioned place names by their geographic locations. Research papers and reports are interdisciplinary and usable by policy-makers and decision-makers at different territorial spatial scales. Regarding the three pre-selected journals, which are the "New Zealand Journal of Geology and Geophysics", the "New Zealand Journal of Marine and Freshwater Research", and the "Journal of Hydrology, New Zealand", we tested whether place names of journal articles can be extracted from manuscripts and geo-coded into meaningful spatial context in order to enable effective spatial enquiry via a bounding box query [29] . We expect to improve the discovery of spatially dependent interdisciplinary research articles and hypothesize that we will discover pronounced places where research is happening based on the analyzed journal articles. Our second objective is to generate standardized geo-referenced metadata records of these journal articles discoverable through a web service search interface. This would enable the integration of spatial and metadata searches for journal articles into national or international Spatial Data Infrastructures (SDI).
Finally, we explore how self-describing titles, abstracts, and full journal articles are to enable an unambiguous allocation for geographical locations. Developments focus on a platform with a search interface based on free and open source software components.
Materials and Methods

Geo-Referencing Research Articles
We used New Zealand as a case study. In the English language, place names in various grammatical constellations don't change their word structure. We chose the domain of hydrology and hydrogeology because understanding water resources is an important topic for New Zealand's economic, environmental, and recreational welfare. Additionally, it has inherent spatial context. All scientific articles are published in English. New Zealand does not share any immediate borders with any country, which provides a comparatively well isolated test-bed.
The Royal Society of New Zealand, besides other scientific journals, publishes the "New Zealand Journal of Marine and Freshwater Research" (NZJMFS, http://www.tandfonline.com/toc/tnzm20/ current, last accessed 2 January 2018), an international journal of aquatic science of particular importance to Australasia, the Pacific Basin, and Antarctica; and the "New Zealand Journal of Geology and Geophysics" (NZJGG, http://www.tandfonline.com/toc/tnzg20/current, last accessed 2 January 2018), an international journal of the geoscience of New Zealand, the Pacific Rim, and Antarctica. The New Zealand Hydrological Society publishes the "Journal of Hydrology (New Zealand)" (JHNZ, http://www.hydrologynz.org.nz/index.php/nzhs-publications/nzhs-journal, last accessed 2 January 2018), which is considered an important medium for the communication of scientific and operational research results around water resources and their management in New Zealand. All journal articles can be accessed through their own websites, which provide a 'free-text' search over title, authors, and abstract of the journal articles. NZJMFS and NZJGG additionally support enhanced search query capabilities such as keywords, DOI, or temporal constraints, which JHNZ does not support. However, explicit spatially-referenced metadata is crucial for spatial search capabilities and the inclusion of journal articles as location-based knowledge.
For the case study of New Zealand and in reconciliation with the literature review, we concluded that the use of a gazetteer service provides the required capabilities in order to retrieve place name(s) and their corresponding spatial coordinates. The place name list was retrieved from the Land Information New Zealand (LINZ) official gazetteer (https://data.linz.govt.nz/layer/51681-nz-placenames-nzgb/, Gazetteer Names downloaded from LINZ 16 March 2017). The gazetteer list contained 51804 geo-referenced names. The gazetteer is implemented as simple features WFS including the following feature attributes: This enables web service-based access to the official New Zealand place names register, which was used for the geo-coding approach. Thus, locations matching place names from journal articles and LINZ gazetteer can be spatially referenced, visualized, and searched for.
Through an automated scripting approach, all publication basic metadata and full article PDF files (where available to us) provided on the websites of NZJGG , NZJMF (1967 NZJMF ( -2014 , and JHNZ , were downloaded, split, and text-processed and later loaded into a database for fast programmatic access. For that, we used the 'GNU parallel' library [30] and 'Tesseract OCR' (Tesseract OCR on GitHub: https://github.com/tesseract-ocr/tesseract/blob/master/README.md, last accessed 13 January 2018) to digitize and transcode PDFs into plain text. We did not consider other means through which papers can present geolocation information such as maps or figures since we purely depended on the text output of the OCR text recognition. Due to intellectual property considerations, we cannot publish this raw dataset since it includes full texts that are only available under subscription. We also kept the URLs for each publication that uniquely identify and link to the online journal publication. The metadata quality was not always consistent especially within the articles of JHNZ. In particular, author names and initials as well as title text strings were separated sometimes with commas and other times with semicolons. The title text strings sometimes included a period and other times lacked a period.
Furthermore, particular journal articles, featured editorials, news, book reviews, or other non-qualified articles were filtered out based on titles and abstracts. Stop words have been selected and improved over the course of the analysis and include 'Book Review', 'Editorial', 'Foreword', or 'Letters to the Editor'.
After the journal metadata database was prepared, the articles were analyzed for place name occurrences in their title, abstract, and full text. The size of the complete gazetteer dataset (in CSV format) was 20 MB. The average response time for a query request to the online gazetteer WFS service was about 800-900 milliseconds. In order to test each of the 28.5 million words (the overall count of words of all analyzed articles) for a match in the gazetteer excluding multi word place name occurrences, an additional 6350 h of network transfer time would be have required. For efficiency reasons, the full gazetteer dataset was therefore loaded into memory instead of checking each word or phrase against the web service.
A direct text-matching strategy was implemented over the list of used articles. For each element in the place names list, the search discovered a direct match in the articles' titles, abstracts, and full text bodies. The first implementation revealed reliability limitations. Place names like 'Og' or 'Tor' would be found as parts of other place names like 'Bogs' or 'Tractor'. The final algorithm uses regular expressions to match only for the full phrase of the place name in order to avoid too many partial matches. We used the Apache Spark computing framework (https://spark.apache.org/, last accessed 22 February 2018) in order to parallelize and distribute the search algorithm computation over a two-node cluster of 2 CPUs and 8 GB RAM each (4 CPUs and 16 GB RAM combined). The final run took about 17 h. Under assumption of an optimally partitioned distribution over the 4 CPUs, this averages to around one or two minutes per article.
However, other ambiguities would still be caused by compound place names. For example, for the place name 'Waikato' (ID: 45890), which is an officially recorded locality in the Nelson area, matches would also be found in compound place name mentions in the text like 'Waikato Point' (ID: 14062), 'Waikato Region' (ID: 15023), or 'Waikato River' (ID: 45893).
The final numbers of matches or, in other words, the occurrence of place names the matching location references, were collected and stored in an Excel spreadsheet. Subsequently, we randomly selected approximately 5% of the geo-referenced articles for validation. We manually reviewed the selected articles and the collected place names for each of them in relation to the title, the abstract, and the full text. We counted if a place name matched (was correctly identified and relevant for this article), and how many of the found place names were not relevant to the article. If a place name was correct but had duplicates, such as multiple place entities in the gazetteer that have exactly the same name but different locations, we assumed only one out of them to be correct. For example, there exist more than different 20 places with the name 'Round Hill'. If one of the 'Round Hill' occurrences were actually relevant to the paper, then we would count one as a positive match and 19 as errors. Eventually, we classified the results into five categories: all correct (OK), mostly correct, around~2/3- 3 4 (MOST), half correct~50% (HALF), less than half correct, around 1/3-1/4 (LESS), and all incorrect (NONE).
Spatial Search Enablement via an OGC CSW Catalogue
Metadata are data or information about the data itself. Metadata refers to structured information that describes, explains, locates, or otherwise makes it easier to discover, access or use data sets, collections, and services. Metadata elements describe the thematic and geographic context of a dataset, where and when it has been obtained or processed, who the maintaining institution is, and how and where to get the data. In our case study the data are the journal articles.
The ANZLIC Metadata Profile, currently in version 1.1, is the recommended geospatial metadata standard for use by New Zealand government agencies. This choice is further reinforced by the many data services in New Zealand that maintain online data catalogues, which can be searched through a standards-compliant web service interface (CSW) and provide metadata in the ANZLIC format. The ANZLIC is a profile of the ISO 19115 2003 metadata standard. For additional service-level metadata, the related ISO 19119 standard provides required elements. For the encoding including the data format of metadata records for data sets and services in which such metadata records can be delivered through the CSW interface, the ISO 19139 standard provides a standardized machine-readable XML representation for ANZLIC/ISO metadata [31] . Free and open source software tools such as GeoNetwork Opensource (https://geonetwork-opensource.org/, last accessed 3 January 2018), the ESRI Geoportal Server (http://www.esri.com/software/arcgis/geoportal, last accessed 4 January 2018) or PyCSW (http://pycsw.org/, last accessed 4 January 2018) can be used, to upload, maintain, query, and download metadata records.
A distinctive advantage of the CSW protocol as compared to a plain text search are spatial and temporal search constraints. Additionally, CSW supports limiting search queries to selected keywords from controlled lists. To generate basic metadata elements for unstructured text documents like the journal articles, the extracted location information was used from the articles. A small set of ANZLIC metadata elements was selected to create valid XML metadata records for each analyzed journal article. We followed a simple questions-based approach that included asking 'What, Where, When, Who, and How'. These questions have been translated to the matching elements satisfying the ANZLIC/ISO metadata standards shown below. Since JHNZ did not provide keywords, we used the Term Frequency-Inverse Document Frequency (TF-IDF) algorithm from the Scikit-learn Python library to generate keywords for these articles [32] . TF-IDF is a method for determining 'important' words in order to find out what each document in a set of documents is about [33] . It does that by evaluating each single term's overall proportion of occurrences in relation to the total number of terms in a document such as term frequency (TF) and calculating the inverse document frequency (IDF) for each term. IDF is the inverse of the number of documents that contain that term. The more often a term occurs in one document but not in the rest of the documents of the corpus, the more important it is deemed to be for this specific document.
For example, the mentioning of a place name, a specific water body or hydrological phenomenon is more important for a document if it does not occur often in other documents. We only considered the joined text of title and abstract of each article as a single document for this method and selected the top five keywords that were computed by TF-IDF for each article that we didn't have keywords available. The match counting and summary dataset files were deposited online [34] .
Finally, we created a metadata XML template (Appendix A) and filled the required values from our analysis database or from otherwise known values such as the journal's name, its website, and contact information. Subsequently, we loaded the generated XML metadata records into a PyCSW server, which is now publicly accessible.
Results
Full Text Analysis vs. Abstract and Title
From the overall 5812 processed articles, 5027 were used after stop-words filtering. Altogether 285 papers of these 5027 were randomly selected for manual review and validation, 25 out of 367/607 from NZ Journal of Hydrology, 87 out of 2533/2914 NZ Journal of Geology and Geophysics, and 173 out of 2127/2191 from NZ Journal of Marine and Freshwater Research. The general tendency was that a full text analysis gave a big proportion of incorrect cases (see Figure 1 ). There was only one paper that had half of the place names correct and the rest of the papers had less than half or none of the place names correct. Figure 1 . Distribution of papers according to whether the automatically georeferenced names were all correct (OK), mostly correct (MOST), half correct (HALF), less than half correct (LESS), all incorrect (NONE), and if there were no place names found at all (no match), which were searched in either title, abstract, or full text. Although most of the papers had no place names in title or abstract, of those which had, they were mostly correct.
Looking at the number of place names that were automatically georeferenced in the full texts, there were 15 place names in average (med = 13, min = 2 and max = 122) mentioned in each paper. Most of the place names in each full text paper were determined incorrectly (see Figure 2) . 
Most Incorrect and Most Correct Place Names
There were 978 unique place names (213 of them had duplicates, which means several different places had the same name) mentioned altogether 4157 times. 15.2% of those mentioned were fully correct and 80.4% were completely incorrect (see Figure 1) . Out of all incorrect cases, 27.5% were caused by duplicates, which are place names that have one or several duplicates in some other location. For example, there are 14 streams named Muddy Creek in New Zealand. However, if a study related to one of them, we concluded that the 13 other Muddy Creek streams places were likely incorrect. Many place names were incorrect because they were names of persons or authors relating to the study (for example, Alexandra, Ashley). The most often mentioned place names are listed in Table 1 . Ten names contributed to almost 25% of the overall number of matches. But most of the city names (for example, Auckland, Wellington) were incorrect because these place names usually appeared in the address of the authors or publishers and did not relate to the case study area or content of the journal article. A third group of place names had a different meaning, which was used in the scientific text of the paper. For example, Rock (hill in Taranaki district) and Rocks (hill in Canterbury district and hill in Marlborough district) accounted for a total of 46 incorrect cases. There were also place names that were always incorrect. Additionally, Earthquakes (locality in Otago district) and Limestone (hill in Marlborough district) caused seven and five incorrect cases, respectively. 5  0  3  1  31  Howick  0  0  0  0  257  Mana  0  0  0  0  36  North Island  30  2  6  0  60  Oxford  0  0  0  0  34  Para  0  1  0  0  94  South Island  36  5  1  1  60  Tasman  2  0  1  3  49  Tor  0  0  0  0  30  Wellington  12  8  6  4  113  Wha  0  0  0  0  49 There were 231 place names (24%) that were always correct. However, 90% of them were mentioned only once and the rest of the 10% were mentioned up to four times. Therefore, they were rarely mentioned and mostly they were quite specific place names like streams, coves, hills, and sounds. Only four of these place names (2%) had duplicates. Additionally, 747 place names had some incorrect cases while 30% of them had duplicates.
In addition, 98% of place names that had duplicates had incorrect cases. Duplicates increase the probability of inaccuracy. Therefore, duplicates cause a problem in automatic geo-referencing based on full text papers. From the most problematic place names (see Table 2 ), Howick lead with 257 occurrences and all of them were deemed incorrect. Howick appears in the publisher Taylor and Francis's address and is also an eastern suburb of Auckland. North and South Island, Wellington, Auckland, Christchurch, Dunedin, Cambridge, and Oxford were mostly incorrect because they appeared in authors' or publishers' addresses. Ross seems to match mainly as the last name of a cited author. And place names like Round Hill have many duplicates, which means many places across New Zealand have this name. 
Full Text Spatial and Categorical Distribution of the Place Names Mentioned in the Papers
The spatial distribution of correct place names provides an overview of those areas that have been investigated most in the earth sciences in New Zealand (see Figure 3) . Spatially most covered areas are main urban fringes (Auckland, Wellington), volcanically active areas (Taupo, Rotorua), and coastal areas. A higher amount of studies was found on bays in Auckland, Marlborough, Nelson, and Southland regions.
If feature types are considered, then 37 different feature types were mentioned in total as place names and the most often mentioned feature types were locality, island, town, bay, and stream (see Table 3 ). However, out of 99 island mentions, 70 were naming only the North and South Island, which indicates the general location of the study area. The large number of towns, cities, suburbs, and localities (human settlements) does not always relate to the study areas themselves but indicates that the study area locations are best referred to through human settlements. Hydrological features (bays, streams, and lakes) were studied at the largest levels. 
Web-Based Metadata Search
For the overall implementation and application of a spatial search, we highlight the integrative aspects of the ISO/ANZLIC metadata standard and encoding that was adopted. A fully encoded exemplary XML ISO metadata record is listed in Appendix B. Metadata records were created for all journal articles and uploaded to a PyCSW catalogue server.
We developed an exemplary web application that can query CSW-compatible catalogues. A user can now query and retrieve metadata records for journal articles and provide a spatial context. Figure 4 shows how the simplified query form was implemented. A map on the left side shows the applied spatial bounding box, which can be zoomed and panned around to adjust the desired spatial context for the search. The generated search query was sent to the CSW catalogue server and the results were collated in a list. 
Discussion and Conclusions
We described an approach to make journal articles discoverable through ISO/ANZLIC metadata records, which can be searched for in CSW-enabled catalogues including spatial search constraints. For that, we found searching for place names was relatively successful by using the title and abstract. That means that if there were place names found in the title and/or abstracts, they were correct to a high degree. But when considering full texts, the usefulness of place names was very unreliable. This is especially true when considering that scanned PDFs contained publishers' addresses and metadata in the article header. This finding is encouraging insofar as it would reduce overall processing time when only titles and abstracts of journal articles need to be processed in order to yield good geo-locations. This would enable the possibility of finding more relevant literature for an area of interest by searching via spatial coordinates.
The described type of large scale analytics was computationally very demanding. Analyzing a single document such as in the process of a journal article submission, would only take 30 s or up to 2 min depending on the length of the article and the number of elements in the gazetteer. We used regular expressions in order to detect place name matches, which are also computationally more expensive than simple text comparison. The pure text comparison during the testing was one or two orders of magnitude faster, but did not consider word boundaries and lead to more false-positives as described in the text. Therefore, we call on scientists to precisely mention place names of the described case studies in either title or at least in the abstract of their research articles.
The advantage of using OGC standard compliant XML-based web services is that data and interface descriptions in XML are the foundation of self-contained and optimized machine-to-machine communication between applications because the advantage of using XML schemas is that data records can immediately be checked for schema compliance and validity. Furthermore, the CSW protocol explicitly enables location-based queries against the metadata it holds.
The three New Zealand case study journals provide textual search access to 5027 (up to year 2015) research articles, but they could not be searched via spatial queries. Based on the demonstration for these journals, we could show that, in principle, the automated detection of place-based keywords is working. However, comparing these keywords with the LINZ gazetteer provides challenges in allocating the right place in case a name exists more than once.
The web page is accessible from any operational platform with any existing web browser. Furthermore, the CSW interface of compliant catalogue servers can be accessed by any OGC CSW compliant browser software. Additionally, the CSW protocol is also designed for distributing federated queries. This means each journal publisher could maintain their own articles metadata in his or her own CSW server. A client can then send the same spatial metadata query to all registered CSW servers in parallel.
Beyond the seemingly straightforward task of literal comparison of place names from lists like the LINZ gazetteer, several new challenges arose that were not addressed further in this study. We only considered a purely text-based approach while images or figures such as maps were not considered. However, it would be an interesting outlook for the future to be able to extract the correct coordinate references from printed maps. However, this was not the focus of this study.
Ambiguities arose from the textual context such as in the word 'Waikato', which could not be differentiated from the word comparisons between Waikato river, the Waikato region, or the Waikato river catchment. Depending on the place name construction and language, those cases might be improved by improving the match-finding code with techniques like back-tracking and double-checking in order to evaluate if actually a longer (or compound) place name was found in the text. Additional difficulties stem from contents and quality of the LINZ gazetteer register of place names, which holds official as well as unofficial records. This is further aggravated by the fact that the place names used in publications can vary even further by referencing geological formations or partial water bodies. The LINZ gazetteer list that we used only holds point geometries for locations. As such, the approach to find a spatial bounding box for a metadata record is neither accurate nor precise but a reasonably pragmatic approach. LINZ has recently also published a polygon-based place names list for planar geographic feature representations.
Another challenge arose from duplicates. There exist different places that have the same name. Even if one of these places would be a correct match, the rest of the places with the same name are very likely indicating an incorrect location. This problem could not be eliminated. It would require certain contextual knowledge to be harvested from the texts with the help of advanced machine learning algorithms. For an automatic unsupervised approach, it might result in an additional place name. And then the summarizing bounding-box would be inflated to include the additional location. But a method for certain distinction could not be found. This would certainly be a great improvement in the future.
Searching for specific place names or regions might be more powerful with the OpenStreetMap (OSM) gazetteer (OSMNames, http://osmnames.org/ last accessed 23 March 2018) since it contains additional volunteered geographical information provided by the public community. The continuously updated OSM Nominatim geocoding service and the OpenStreetMap, which is made available for reuse under the Open Database Licence (ODBL) share-alike license could be used to complement the LINZ gazetteer or as a global place names register. However, more place names will not necessary solve the challenge of accurately identifying occurrences of place names in documents. Furthermore, more place names will significantly increase processing time. This would need to be investigated further to be employable on a large scale.
Eventually, the purely automatic geo-referencing method presented in this paper demonstrates an approach to provide user support for the task of on-demand geo-coding of written documents to make them spatially discoverable in CSW catalogue services. We also call on journals to add query-able geolocation information to research articles and their search capabilities. However, past papers can be georeferenced using current method at a reasonable level and speed. People can search for different keywords known as flooding and, based on the resulting journal papers, the locations of the main area of interest in the number of journal papers can be identified. Furthermore, the approach opens up the possibility of detection of place names independent of the age of the publication and therefore, manuscripts which originally were written by typewriter and are now scanned.
Appendix A
The default template used to convert the collected metadata into standard compliant ISO 19139 XML-encoded metadata records. 'TPL_' indicates the start of a variable that is filled during the process. 
